Objectives-To assess the characteristic eVects of Tai Chi Chuan (TCC) exercise on metabolism and cardiorespiratory response, and to measure its eVect on cardiorespiratory function, mental control, immune capacity, and the prevention of falls in elderly people.
In most of the English literature, Tai Chi Chuan (abbreviated to TCC, but expressed in the Chinese phonetic alphabet as Taijiquan) is described as a traditional Chinese form of exercise derived from martial arts folk traditions. The word "Chuan" means "boxing", but in some of the literature it has been omitted.
TCC developed to the point of formalisation in the late Ming (1368-1644) and early Qing (1644-1911) dynasties. To understand this set of systematic callisthenic exercises, one must first appreciate the origin and broad significance of the term "Tai Chi". The term first appeared in the books of "I Ching", and indicated the encompassing state of the universe before the creation of heaven and earth. Therefore, all TCC movement is considered circular. Within this circular movement are many concealed variations and changes: there is emptiness and fullness, strength and softness, movement forward and backward and stillness. TCC is used to seek serenity in action, and action in serenity. The emphasis is on the exercise of mind and consciousness. TCC movements are continuous from beginning to end, and from one posture to the next, in a completely integrated circle.
Many TCC schools, such as those of Chen, Yang, Sun, and Wu, developed over the centuries. However, in 1956 a meeting of masters convened by the Chinese National Council of Sports and Physical Education produced a "combined" style. This simplified 24 form TCC was designed to convey the most representative components of the traditional schools, and to make them easy to learn and practice in less time than usual. 1 The government and various health, education, and sports related bodies have subsequently expended much eVort to promote and spread the simplified form of TCC among the population in China, and it has been included in the compulsory teaching content of most colleges and universities. Today millions of Chinese practice TCC, and it has become one of the most popular forms of exercise or sport, especially among elderly people.
The practice of TCC was originally related to concerns about physical fitness and the capacity for self defence. However, over the centuries, it has become far more focused on the homoeostasis of the body's internal environment. The interaction between mind and body has long been seen as more important than the development of any martial arts skills. This very point was mentioned in Tai Chi Chuan classic" (Wang 1642), which was published in the Ming dynasty and, to our knowledge, was the first book about TCC.
The first scientific description of the eVect of TCC on health has been traced by Yu 2 to Xu Zhi-Yi's 1927 Chinese book, Preliminary explosion of Tai Chi Chuan. This book explained the beneficial impact of TCC on the physiology, psychology, and kinesiology of the human body. Yu 2 also refers to another Chinese book, which was published in 1931 by Wu Tu-Nan and discussed the "scientificisation" of TCC. With the development of science and technology in China during the twentieth century, research on TCC has aroused increasing interest in a wide range of areas such as medicine, exercise science, physical education, and psychology.
During the past 20 years, TCC has also spread throughout Western countries, and its beneficial eVects have stimulated the research interests of Western scientists. However, to our knowledge, the first paper in English that presented an experimental study of TCC was actually published in China during 1981. 3 Later that year, Koh 4 published a paper that introduced TCC to international journals. He then published a self report about the eVects of TCC exercise on health. 5 In 1988, Xu and Fan published an English review paper about physiological studies of TCC in a book called China's sports medicine. 6 TCC exercise and its impact on human health was gradually understood by the Western world. With the prevalence of ageing populations world wide and concomitant increases in expenditure on the relief of chronic disease and disability, interest in TCC has continued to grow. Published results from well controlled studies about the eVects of TCC, particularly those focusing on the elderly, have added to the understanding of the characteristics of TCC movement and its impact on health.
Exercise has definite eVects on the health of older people, but appropriate forms are scarce, as ageing is usually accompanied by a significant decline in organ function. It is well known that joint degeneration, poor eyesight and balance, and loss of stamina are universal in the elderly. Therefore, low velocity, low impact exercises in which interest is easily maintained are the most eVective. Reports in the literature would suggest that TCC can provide all that is required by elderly people from exercise. In addition, it has the potential to reduce expenditure generated by poor health, because it facilitates a lifestyle that promotes wellbeing among people of all ages. However, before these broad observations can be endorsed, two relevant questions must be answered. What evidence actually exists to suggest that TCC aVords any benefits? If such benefits do exist, then what are their underlying mechanisms? The purpose of this article is to review scientific studies in both Chinese and English on the physiological characteristics of this intriguing form of exercise, and their impact on participant health. Such a review should provide the basis of future studies.
Characteristics of TCC

METABOLIC RESPONSES
Numerous studies on metabolic responses during the performance of TCC have been reported in both Chinese and English. Chen and Zhao 7 studied energy expenditure and the micro-circulation condition in the fingers of 30 TCC practitioners of 50-65 years of age. They had been practising TCC for between six months and 20 years, and were divided into three groups according to their style (Chen, Yang, or simplified 24 form TCC). Energy expenditure was measured in 10 subjects from each group during the performance of TCC, through the collection and analysis of exhaled air. Each subject was asked to perform TCC by using both the higher and lower positions of the centre of gravity. In the higher position, the knee angle was about 150°in most of the movements with semisquat positions, whereas in the lower position this angle was around 120°. The results showed that the average time taken to practice Yang TCC was 17 minutes, whereas only six minutes were needed for Chen, and five minutes for the simplified 24 form TCC. However, the performance of Chen TCC demanded significantly higher energy expenditure than Yang or simplified 24 form TCC. Furthermore, practising TCC with lower position techniques required significantly more energy than practising TCC with higher position techniques. The mean (SD) oxygen uptakes for the higher and lower position techniques were 1.00 (0.26) l/min and 1.36 (0.37) l/min for Chen TCC, 0.55 (0.13) l/min and 0.77 (0.11) l/min for Yang, and 0.58 (0.14) l/min and 0.77 (0.18) l/min for the simplified 24 form TCC.
Zhuo and his colleagues 8 determined the oxygen cost and related metabolic variables in 11 healthy 24-35 year old men, who had practised the 108 form of Yang TCC regularly for three to eight years and possessed master TCC skills. The results showed that the average energy cost for the 108 form of Yang TCC was 4.1 metabolic equivalents (METs), which corresponded to a mean oxygen uptake of 1.03 l/min or 14.5 ml/kg/min. Brown et al 9 determined the metabolic variables in the 108 form of Yang TCC exercise. The "cloud hand" movement was selected for data collection, and the practitioners performed the complete set of Yang TCC. It was found that the mean energy cost at the 7th, 14th, and 21st minutes after the beginning of the exercise, the times at which the "cloud hand" movements occurred, was 3.68 (1.58), 4.17 (1.44), and 4.27 (1.69) METs respectively, with a mean of 4.04 (1.56). Schneider and Leung 10 found that the mean oxygen uptake while practising TCC was 1.19 (0.32) l/min, which equalled 4.6 (1.1) METs, in 10 male TCC practitioners who were 35.5 (3.9) years old and had regular experience of TCC for 6.8 (3.4) years. Cao 11 measured energy expenditure in 10 TCC practitioners, seven of whom were men; mean (SD) age was 29.4 (8.6) years. Three of the subjects were masters. Maximal oxygen uptake for all subjects was measured on a treadmill using Bruce's protocol. Oxygen uptake during performance of the 108 form of Yang TCC was measured by analysis of expired air. The results showed that the mean oxygen uptake while performing TCC was 0.708 (0.206) l/min (10.33 (3.2) ml/kg/min), which equalled 2.87 (0.88) METs, or 24.74% of the mean maximal oxygen uptake (Ṽ O 2 MAX) of the subjects. The mean heart rate of the subjects during practice was 55.66% of the mean maximal heart rate. Table 1 summarises the studies that investigated metabolic and cardiovascular responses during TCC exercise. Oxygen uptake as measured by Chen and Zhao 7 and Cao 11 was lower than that measured by Zhuo et al. 8 , Brown 9 , and Schneider and Leung. 10 Possible reasons for this diVerence may be the diVerent testing procedures used, variations in the age of subjects, and their skill levels. Indeed, Cao 11 stated that the three TCC masters in his study showed significantly higher oxygen uptake than the other subjects. On the basis of results obtained from published studies, the energy expended performing any form of TCC was about 4 METs.
CARDIOVASCULAR RESPONSES
Cardiovascular responses to TCC exercise have been reported in a variety of publications. As indicated above, the first paper in English was published during 1981, by Gong et al. 3 A total of 100 healthy regular TCC practitioners, including 54 men and 46 women aged 46-80 years, participated in this study. The TCC experience of these participants varied from six months to 30 years. The changes in heart rate, blood pressure, and electrocardiogram (ECG) signals during performance of simplified 24 form TCC were examined by a telemetry monitoring system for 20 minutes. The results showed that the mean heart rate was 74 (10) beats/min before exercise, rose to 92 (16) beats/min after two minutes of exercise, and then stabilised at 95-98 beats/min throughout the exercise. The mean peak heart rate was 104 (14) beats/min, and the mean maximal increase in the heart rate was 30 beats/min at 12-14 minutes of exercise. When the subjects were divided into three groups according to their years of TCC experience, age, and resting heart rate before exercise, there was no significant diVerence in the changes in heart rate among the groups. Neither blood pressure nor ECG signals showed appreciable change before or after TCC exercise. Zhuo et al 8 reported that the mean peak heart rate during TCC exercise was 134 beats/min. Similar results have been reported by Chen and Zhao, 7 Brown et al, 9 Schneider and Leung, 10 Cao, 11 Lai et al, 12 and Liu et al. 13 The range of heart rate responses was 92-128 beats/min. As table 1 indicates, TCC exercise as measured in these studies resulted in heart rate responses that were less than 60% of the individual maximum, at an exercise intensity that did not exceed 55% of the individual maximum oxygen uptake. TCC is thus characterised as a moderate form of exercise. (23.47 ). These facts showed that the slow deep diaphragmatic breathing performed in TCC exercise was more eYcient than that of cycling or Wing Chun when the intensity of each exercise was equivalent.
Beneficial eVects of TCC on health and fitness BALANCE, STABILITY, AND STRENGTH
TCC exercise demands precise joint movement, stability, and balance. Performing TCC depends on either double stance weightbearing or single stance weight-bearing manoeuvres, which further require the pivoting of the whole body or the twisting of the trunk. In performing TCC, the roles of the muscles continually change between those of stabilisers and movers, weight-bearers and non-weightbearers, and between contraction and relaxation. It has been suggested that the practice of TCC may increase the repertoire of motor programs stored in the brain 14 , and therefore serve to train the various balance systems to promote greater steadiness. Numerous studies on the impact of TCC exercise on balance, muscle strength, and flexibility have shown its beneficial eVects, and table 2 summarises the experimental evidence. Cross sectional studies have provided positive evidence that TCC has beneficial eVects on balance and flexibility. Tse and Bailey 14 reported that TCC practitioners were significantly better at performing right and left single leg stances with their eyes open and heel to toe walking than non-practitioners. However, this was not the case for single leg stances with eyes closed. Lan et al 15 found that long term TCC practitioners showed better scores in the stand and reach test. Hong et al 16 supported the findings of Lan et al by reporting that elderly long term (13.2 years) TCC practitioners performed better in tests of the single leg stance with eyes closed (right and left), total body rotation (right and left), knee extension, and ankle plantar flexion than the control group. This suggested that elderly people who exercise by using TCC long term and regularly can improve their balance capacity with and without the help of vision.
Besides the cross sectional studies, a number of TCC intervention studies of balance capacity and muscle strength in elderly people have been conducted. Schaller 17 found that a 10 week course of an easy to learn westernised form of TCC resulted in significant improvements to the scores of single leg stances with eyes open, but not in those with eyes closed. Moreover, the scores of the sit and reach test for TCC practitioners did not improve. Wolf et al 18 showed, with a large sample size, that a moderate TCC intervention could impact favourably on some biomedical and psychosocial indices of frailty. The results indicated that TCC participants substantially reduced their risk of multiple falls by as much as 47.5%, in addition to other positive influences such as increases in hand grip strength and increased ambulating speed. Fear of falling was also reduced in the TCC group when compared with the non-exercise group. Jacobson et al 19 reported significantly better balance control (tilting board test), strength of knee extension (maximal voluntary extension test), and kinaesthetic sense (glenohumeral media rotation at 90°) in adult TCC participants than the sedentary control group after a 12 week TCC intervention. Shih 20 reported the average velocity of sway in his study of a 16 week TCC intervention, and stated that TCC exercise resulted in substantial reductions in anteroposterior sway velocities.
The beneficial eVects of low intensity TCC exercise on the maintenance of gains in the balance and strength of older adults has also been shown by Wolfson et al. 21 TCC intervention has helped alleviate joint pain and has increased strength, flexibility, and balance in older patients with osteoarthritis 22 and rheumatoid arthritis. 23 24 TCC exercise has also had therapeutic eVects on the range of motion in the upper extremities and the prevention of further deterioration.
CARDIORESPIRATORY FUNCTION
There is much evidence from clinical trials and exercise intervention for the beneficial eVects of TCC exercise on cardiorespiratory function in both healthy people and patients with chronic diseases. The earliest scientific study of the eVect of long term TCC practice on health was published in China in 1959. 25 The Beijing Medical University Institute of Sports Medicine examined cardiorespiratory function in 31 elderly people who had practised TCC for 40 years by using one minute step tests. The test was conducted on a 40 cm high bench, with a stepping rate of 15 steps/min for one minute. All but one of the TCC practitioners completed the test smoothly, but many more in the control group failed to finish. Qu 26 reported the beneficial eVects of TCC exercise on blood pressure in Chinese practitioners. He found that, in older Chinese TCC practitioners, there was a reduction in resting systolic blood pressure to 134 mm Hg compared with a sedentary group (154 mm Hg). Lai and coworkers 27 examined the beneficial eVects of TCC exercise on cardiorespiratory function. The results showed that at the maximal exercise level, the oxygen uptake (VO 2 ), O 2 pulse, and work rate of TCC practitioners were significantly higher than the respective values of sedentary subjects (p<0.01). At the ventilatory threshold, the TCC practitioners also showed a higher VO 2 , O 2 pulse, and work rate (p<0.05). Zhang 28 examined the eVect of one year of TCC exercise on cardiac function and working capacity in 11 healthy older people, who were matched by age and body mass with another 12 serving as a control group. The TCC training programme was of 30 minutes duration, five times a week. Measurements were conducted before and after the TCC programme. All cardiovascular measurements were taken in a resting supine position. The subjects were then asked to pedal for two minutes at 60 rpm with zero resistance for warm up, and subsequently with a work rate increase of 15 W/min until their heart rate reached 130 beats/min (PWC130 test). During the testing, heart rate was continuously monitored. Blood pressure and systolic time interval were examined at one, two, and three minutes after the PWC130 test. The results showed that one year of TCC exercise significantly improved working capacity. Cardiac function did not show any significant diVerence between the TCC and control group at rest. However, three minutes after the PWC130 test, TCC practitioners showed significantly better scores in the systolic time intervals, left ventricular ejection time, and time of QRST than the sedentary control group.
Similar findings were obtained during a two year longitudinal study, conducted by Lai et al, 12 which examined trends of cardiorespiratory function among older TCC practitioners and sedentary subjects. Practitioners practised TCC 5 (1.1) times a week, and each session included 20 minutes of warm up, 24 minutes of TCC training, and 10 minutes of cool down. The cardiorespiratory function (Ṽ O 2 MAX) in each subject was measured in the initial exercise test and two years later to determine the rate of decline of cardiorespiratory function. In the TCC group, there was a 2.8% decrease in Ṽ O 2 MAX in men and a 2.9% decrease in women. In contrast, the Ṽ O 2 MAX of the control group declined by 6.6% in men and 7.4% in women, showing that the regular practice of TCC may delay the decline in cardiorespiratory function in older adults.
In 1996, four studies on eVects of TCC on cardiorespiratory function were published. 15 17 18 29 Lan et al 15 reported a cross sectional study which examined the cardiorespiratory function among long term TCC practitioners and sedentary subjects. Breath by breath measurement of O 2 during the incremental exercise of leg cycling was used to examine the cardiorespiratory function in both long term regular TCC practitioners and sedentary geriatric subjects. The results showed that TCC practitioners, both men and women, had higher peak oxygen uptake than their sedentary counterparts. The TCC group also showed higher oxygen uptake at the ventilatory threshold. Wolf et al 18 performed a prospective, randomised, controlled clinical trial with three groups: TCC practising, balance training, and education. The subjects in the TCC group were encouraged to practice TCC for at least 15 minutes twice a day. The 108 form of Yang TCC was reconstructed into a 10 form version that could be completed during a 15 week session. Blood pressure was examined in all subjects before and after a 12 minute walk on the start date and completion date of the TCC programme. Lower blood pressure was found in the TCC group before and after the 12 minute walk, but not in the balance training and education groups. However, Schaller 17 found that such beneficial eVects could not be detected after short term TCC practice. In this study, 24 elderly people participated in a 10 week programme of TCC exercise. They attended a 60 minute session each week and were asked to practice at home at least three times a week. The results showed that the practice of TCC for 10 weeks could improve the balance capacity with the help of vision, but did not lower blood pressure.
The therapeutic eVects of TCC on patients with chronic cardiovascular disease have been reported by Lan et al, 30 who evaluated the training eVect of a one year TCC programme for low risk patients with coronary artery bypass surgery after a postoperative outpatient, phase II, cardiac rehabilitation programme. Twenty subjects practised classical Yang TCC with an exercise intensity of 48-57% heart rate range. The nine men in the control group were instructed to undertake a home based self adjusted exercise programme with an intensity similar to that of phase II cardiac rehabilitation. Subjects in the TCC group practised 3.8 (1.5) times a week, in contrast with 1.7 (1.1) times a week for the control group. After one year of intervention, the Ṽ O 2 MAX of the TCC group increased 10.3% and the peak work rate increased 11.9%. In contrast, the control group showed a slight decrease in Ṽ O 2 MAX and peak work rate. Table 3 summarises the relevant studies. These studies show that the regular practice of TCC (over 15 weeks at 15 minutes twice a day) can produce beneficial eVects in elderly people, by either improving cardiorespiratory function or delaying its decline. Moreover, patients with low risk chronic cardiovascular disease may enhance their cardiorespiratory function through TCC exercise.
MENTAL CONTROL
Tai Chi philosophy recognises that mental attitude can cause physiological change, which in turn aVects the quality of movement. Mental stress is thought to make movement quick, tight, and erratic, which is quite the opposite of the graceful and flowing movement required in TCC practice. Moreover, the practice of TCC requires a combination of deep diaphragmatic breathing and relaxation with slow gentle movements. Thus TCC should have the eVect of bestowing mental control 5 on the practitioner. Jin has published two studies on the impact of TCC exercise intervention on mood and mental and emotional stress. His first study 31 examined changes in psychological and physiological functioning after participation in TCC by 33 beginners and 33 practitioners. He found that the practice of TCC raised heart rates, increased noradrenaline (norepinephrine) excretion in urine, and decreased salivary cortisol concentration. Relative to baseline levels, subjects reported decreases in tension, depression, anger, fatigue, confusion, and anxiety. They felt more vigorous and in general had less total mood disturbance. Three years later, Jin 32 examined the eYcacy of TCC, brisk walking, meditation, and reading in reducing mental and emotional stress. DiYcult mental tests were undertaken, and a stressful film was used to produce emotional disturbance, after which TCC and the other treatments were applied. The study showed that, in general, the stress reduction eVect of TCC was characterised as that of moderate physical exercise. The beneficial eVects of TCC on mental health were also observed in a study conducted by Kutner et al 33 , in which confidence in balance, movement, and the motivation to participate in exercise were examined after a 15 week TCC intervention and a four month follow up. The study involved 200 elderly persons, who were randomly assigned to TCC exercise, computerised balance training, or education groups. A questionnaire was used to assess motivation to exercise and general sense of wellbeing. The results showed that both TCC and balance subjects reported increased confidence in balance and movement. In addition, they reported that their daily activities and overall life had been aVected; many of these subjects had changed their normal physical activity to incorporate continuing TCC practice.
IMMUNE SYSTEM
A few studies have explored the impact of TCC exercise on immunological capacity. Zhang 34 studied the eVect of TCC on human serum immunoglobulin, IgA, IgG, IgM, and IgE after two months of TCC intervention. Thirty subjects aged 50-65 years, of whom 15 were men, participated in the study. They had no experience of TCC before joining the study. The intervention was designed to teach the 48 form TCC and allow one hour every day for practice. Blood analysis detected IgA, IgG, IgM, and IgE before and after the TCC training programme. It was found that the practice of TCC for two months significantly increased the level of IgG in men, and significantly decreased the level of IgM in women. These changes were all within the normal range, which indicated that TCC exercise may enhance the capacity of the immune system. Li and Shen 35 studied changes in the number and activity of natural killer cells in peripheral blood after the practice of Wu TCC in eight male masters. The mean age of these subjects was 68.5 years, and they had practised for one to two hours every day for a mean of 19.2 years.
They were asked to perform one set of Wu TCC which took about 20 minutes. Blood samples were taken two hours later, and the numbers and activity of natural killer cells in the peripheral blood had significantly increased. Moreover, this study found a concomitant increase in the level of cortisone in the blood. These results indicate that TCC exercise may moderate the capacity of the immune system in elderly people. However, more experimental evidence is needed to support these findings.
Prevention of falls
Falls are a significant public health problem, and the American National Safety Council 36 suggests that they are the main cause of accidental death in the elderly. Falls and the resultant fractures lead to an increase in the expenditure on chronic disease and disability. Poor balance capacity, decreased muscle strength and flexibility, and the changes in gait that come with ageing are some of the risk factors associated with falls. 36 37 TCC exercise emphasises continuous slow movement, with small to large expressions of motion, unilateral to bilateral shifts of body weight, the progressive flexion of the knees, and rotation of the trunk, head, and extremities. These movement components seem to help to reduce the risk factors of falling. A longitudinal study of 28 TCC practitioners and 25 non-practitioners with a two year follow up showed that the regular practice of TCC could reduce the loss of bone mass density in the elderly. 38 Furthermore, a study conducted by Wolfson et al 21 , with a relatively large sample size, provided important scientific evidence that TCC exercise could actually help to reduce falls. Wolf et al 18 examined the eVects of intervention with TCC exercise or computerised balance training on improving frailty and reducing falls in elderly people. They used physical, functional, behavioural, and environmental measures, an education group as the control for the study, and compared the specific biomedical changes among the three groups. Yang 108 form TCC was simplified to 10 forms for the TCC training. Each intervention lasted 15 weeks, with hour sessions for the education and balance training groups, while the TCC group met for two hour sessions but with a total instructional time equivalent to the other groups. All subjects were followed up for four months after the 15 weeks of intervention. The results showed that TCC training reduced the number of falls by 47.5%, significantly attenuated the fear of falling, and improved physiological and psychosocial measures.
The changes in gait that come with ageing are also thought to be a factor related to falls in the elderly. A preliminary study of the impacts of TCC exercise on gait in older people has been reported by Wolf and Gregor. 39 They examined the gait of 15 people from each of 20 independent living facilities. Each group either experienced 60-90 minutes of TCC exercise classes twice a week for 48 weeks or received information on wellbeing behaviour for one hour a week over the same period. Three of the 15 volunteers from each facility were evaluated for strength, and their gait was analysed every four months for 2 years. All subjects were tested for baseline measures at the start of the project, three times during the first year (during the TCC or wellbeing classes) and three times during the second year. Total body kinematics, lower extremity kinetics, and centre of pressure during gait initiation were calculated. The investigators studied normal walking at preferred speeds and situations during normal walking in which the subject had to move unexpectedly to the right in the step cycle and had to make unexpected turns beginning with either the right or left foot. The exemplar data indicated that individual strategies were apparent during each of these movements, and that each subject displayed a unique movement signature during both walking and turning. Thus was established a scientific basis for analysing the beneficial eVects of TCC exercise on the prevention of falls in the elderly. However, the authors did not report the findings from their study.
Exercise is a significant intervention for preventing falls and fall related injuries. If falls occur at least in part because of physical deficits in balance, strength, reaction time, and flexibility, then it is plausible to believe that exercise targeted to improve these deficits may result in fewer falls or other injury events. In fact, many observational studies have shown an association between low levels of some types of physical function or activity and increased risk of falls and some types of injuries. [41] [42] [43] Some authors have suggested that, of the physical deficits that appear with ageing in such areas as balance, strength, flexibility, and reaction time, balance deficits could be more directly responsible for falls than deficits in other areas. 44 It could also be that elderly people are more aware of their strength, flexibility, and endurance limitations than they are of balance problems. There are many signs that can warn an elderly person of any decline in strength, flexibility, and endurance-for example, the inability to lift or reach while sitting or lying down and the like. Both the cross sectional and longitudinal studies of TCC have shown the eVect of such exercise on improving physical deficits, particularly in balance capacity. 14 16 18 TCC exercise should be replete with dynamic balance training components. TCC practitioners have to exercise control, adjust their posture, and maintain their balance during shifts in the body's centre of gravity from unilateral and bilateral at a smooth and slow movement speed. Movement during the performance of TCC is characterised as the transformation of open and closed kinetic chain movements. The semisquatting posture used in the performance of TCC allows practitioners to control their centre of gravity and remain very stable. Thus, the characteristics of TCC exercise may train the proprioception of the practitioners. Posture control during the practice of TCC forces the muscles involved in movement to work hard, which may lead to increased muscle strength. Moreover, it has been suggested that the practice of TCC may increase the repertoire of motor programs stored in the brain and therefore serve to train the various balance systems to promote greater steadiness. 14 However, the mechanism for improving balance capacity, and subsequently preventing falls, is still unclear. Experimental evidence on the characteristics of movement kinematics and kinetics and neuromuscular activity in TCC exercise has yet to be found. Further investigation is required into the scientific basis of the way in which TCC exercise improves the physical deficits experienced due to ageing.
Summary
TCC is a time honoured form of exercise that is recognised as being beneficial for men and women over a wide age range. Studies have shown that it can be classified as moderate exercise, as its intensity does not exceed 55% of maximal oxygen intake. The experimental evidence obtained from both cross sectional and longitudinal studies suggests that TCC exercise has beneficial eVects on cardiorespiratory and musculoskeletal function, posture control capacity, and the reduction of falls experienced by the elderly. This applies to both healthy people and patients with chronic cardiovascular diseases, rheumatoid arthritis, or osteoarthritis. Considering these eVects, TCC exercise has great potential for health promotion and rehabilitation, particularly for the maintenance of good mental and physical condition in the elderly. However, the eVects of TCC exercise on other age groups should be further examined with well controlled experimental design studies.
In the literature there is a dearth of biomechanical studies. Some characteristics of muscular activity and movement kinematics and kinetics during the performance of TCC are understood, but how they help to improve movement capacity has not yet been explained. Solving this puzzle should provide a significant challenge to scientists of both medical and biomechanical disciplines.
The mind-body interaction is emphasised during TCC performance. Further studies that explore the eVect of TCC exercise on mental control and on the musculoskeletal, nervous, and immune systems and their relations may provide more information on this unique exercise approach. TCC exercise may then be applied as physical and mental treatment for the rehabilitation of patients with cancer and other major health problems, as well as for the general maintenance of health.
Take home message
A review of scientific studies published in both Chinese and English indicates that TCC can be classified as moderate exercise, as its intensity does not exceed 55% of maximal oxygen intake. The experimental evidence obtained from both cross sectional and longitudinal studies suggests that TCC exercise has beneficial eVects on cardiorespiratory and musculoskeletal function, posture control capacity, and the reduction of falls experienced by the elderly. Further studies should explore the mechanism by which Tai Chi helps to improve movement capacity, and whether this form of exercise aVects mental control.
